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Cycles involving oxidation and reduction of the basic
elements of life, hydrogen, carbon, oxygen, nitrogen, and
sulfur are absolutely essential for processes that generate
metabolic energy and produce the building blocks of
cellular machinery. Because iron can both accept and
donate electrons, it serves as a key cofactor in many
of these processes as a constituent of oxygen-binding
molecules (hemoglobin and myoglobin), cytochromes, and
non-heme-based enzymes (Rees and Howard, 2003).
Iron may be physiologically essential, but it is also
biochemically dangerous (McCord, 1998). Because of the
very reactive properties that make iron an essential element,
it must be handled with great care within the body. Free iron
is found in very limited amounts and is normally complexed
in the ferric state (Feþ3) in plasma to transferrin or to ferritin
within cells. Free iron is dangerous because it can catalyze
the formation of hydroxyl radicals in the presence of super-
oxide radicals or hydrogen peroxide. Hydroxyl radicals can
attack all classes of biologic macromolecules, including
polysaccharides, nucleic acids, proteins, and lipids.
A link between iron, oxidative injury, and tissue damage
has been proposed to be relevant to a number of disorders
affecting a wide variety of organs and systems, including
the cardiovascular system, nervous system, liver, lung, and
muscle. Although insufficient iron stores is a great concern
to perhaps up to 20% of the population worldwide,
improved diet and iron intake in the western world, where
up to 0.3% of individuals are homozygous for hemochro-
matosis genes, results in increased expression of iron-
mediated oxidative organ damage. Iron-mediated injury is
not limited to individuals with mutations or polymorphisms
related to iron handling. Iatrogenically induced iron overload
as seen in patients who are transfusion dependent or
exposure to chemotherapeutic agents such as doxorubicin
that liberate iron frequently results in iron-dependent
oxidative tissue injury (Polla et al, 2003). In addition, iron
may play a role in tissue injury in those who can be viewed
as having normal iron status.
Wherever iron is found in the presence of reactive oxygen
species, particularly superoxide radicals, iron may be
reductively released from the normally protective ferritin
storage protein. Once reduced and released into a pool of
intracellular free iron, ferrous (Feþ2) iron is free to catalyze
the formation of destructive hydroxyl radicals that may
target a wide variety of macromolecules. Nowhere are these
observations more relevant than in the skin where interac-
tions with the external environment, particularly with
ultraviolet light (UVL), result in the generation of reactive
oxygen species. How UVL induces injury and tissue
damage has been the focus of a number of studies that
have shown that the mechanisms and targets are wave-
length- and context-specific (Brenneisen et al, 1998;
Pourzand et al, 1999). In particular, previous studies of skin
and skin-derived cells have shown that ultraviolet A (UVA)
radiation acutely induces the release of free iron from ferritin
in dermal fibroblasts in vitro (Pourzand et al, 1999), and
chronic exposures result in compensatory increases in
epidermal ferritin protein expression in vivo (Applegate et al,
1998).
In the work by Reelfs et al, in this issue of the Journal, the
authors extend these observation and provide a novel and
interesting iron-dependent mechanism linking UVA radiation
to activation of the pro-inflammatory transcription factor,
nuclear factor-kB (NF-kB). In this work, the authors
demonstrate that exposure of human skin fibroblasts to
UVA resulted not only in immediate activation of NF-kB
through degradation of the regulatory IkBa protein but also
resulted in a prolonged, iron-dependent, IkBa-independent
activation of NF-kB. The authors proposed that the major
targets of these effects are nuclear membranes, which
serve as a target for iron-mediated lipid peroxidation.
Consistent with their hypothesis are their observations
demonstrating that iron loading augmented UVA-induced
NF-kB activation, whereas iron chelators and inhibitors of
lipid peroxidation reversed these effects.
Although the authors do not make a direct functional link
between the presence of UVA-induced nuclear NF-kB
complexes and induction of any specific gene in fibroblasts,
there is other evidence to suggest that these observations
may be relevant in vivo. Exposure of skin to UVA light
increases the expression of ferritin, suggesting a response
to increased UVA-induced increases in free iron levels in vivo
(Applegate et al, 1998). Furthermore, topically applied iron
chelating agents have also been shown to be effective at
inhibiting UV-induced erythema, UV-induced photoaging,
and skin tumor formation (Bissett and McBride, 1996).
Characterizing specific iron-dependent NF-kB driven target
genes will be important to extend these observations and
define in vivo and in vitro measures for assessing effective-
ness of new chelator compounds.
Thus, the observations by Reelfs et al, viewed within the
context of earlier observations, would suggest that use of
iron chelating compounds for the treatment of skin
disorders has great potential. One major limitation in the
use of iron chelators of iron-related disorders with primarily
visceral manifestations has been drug delivery and acute
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and chronic drug toxicity, a problem that is much more
easily addressed for cutaneous applications. Furthermore,
recent evidence also published in the Journal suggests that
the targets for iron effects go beyond the role of iron as a
generator of reactive oxygen intermediates and that iron
chelators may modulate the expression and function of key
transcription factors (Gira et al, 2003; Koo et al, 2003). We
know that cells avidly acquire transition metals like iron and
utilize them to carry out regulatory and catalytic functions
(Finney and O’Halloran, 2003). Targeting metals for skin
therapeutics requires extending our fundamental under-
standing of the functions of metals in normal and pathologic
skin biology in order to leverage that information into novel
therapeutic approaches to skin disease.
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